The broiler sector in Turkey has advanced particularly in recent years. Hence, it 
Introduction
The demand shift from grain consumption to meat products has occurred along with income boost, due to the rapid economic growth. However, the high prices of red meat in Turkey pave the way for efforts to meet the animal protein deficit from broiler consumption.
However, the recent price increases in the broiler sector in Turkey have caused dramatic effects on the household budget. Broiler industrial enterprises explain the reason for the price increases with the high input costs in imports. In this sector, there are two important import inputs that can affect prices. The first one of these is soybean and the second one is energy. Particularly soy is an important input for the poultry sector, while energy is frequently used in product transportation, poultry heating and obtaining other agricultural inputs (fertilizers, chemicals). Recently, however, an increase in the production of corn and soy-based bio-fuels as an alternative to petroleum has started a second connection between energy and agriculture (Chen et al., 2010) . This situation has created a different relationship between energy prices and the broiler sector, as well as revealing the short-age of the feed, which is the main ingredient of the broiler sector, due to constraints regarding the lands. In this context, this study has focused on the effects of these two imported inputs on the Turkish poultry sector.
There has recently been a strong connection, which continues when there's escalation and reduction in the prices, between energy and agricultural commodity prices (Abbott et al., 2009) . These connections have increased, particularly as the demand for food in developing countries has changed and the bio-fuel industry has grown (Reboredo, 2012) . Government supports for increased bio-energy capacity has led to an increase in demand for corn and soybeans all over the world; however, it also caused increases in the prices (Tyner, 2010) . This increase in the prices has also affected feed prices, which is the main input of animal breeding (Tejeda and Goodwin, 2009 ). This has led to problems in the procurement process in many different sectors of agriculture. These disruptions in the market have had a negative impact on the prosperity level of certain actors throughout the supply chain. This is why it is important to understand the policies established in the primary input markets. Because the input market may cause price volatility in products related to vertical chain (Buguk et al., 2003) .
For the Turkish broiler industry, energy and soybean markets are important import inputs containing vertical connections. These inputs' being import materials makes the price interventions more difficult. Therefore, the Turkish broiler sector is more vulnerable to the shocks in this market.
Understanding more clearly the input market and the integration of poultry industry would enable the improvement of more rational policies to producers, consumers, and food security in the sector which is so crucial for Turkey. Therefore, the aim of this research is to determine the spillover effect between energy, imported feedstuff, and chicken meat markets within the poultry sector which is so important for Turkey in many respects.
Literature
The price transmission makes it easy to understand whether there are defects in the market during the procurement process. If there has been a glitch throughout the supply chain, it will provide the indication of the stage in which this glitch in the market has been occurred. Thus, the way the product prices are transmitted throughout the marketing chain is traditionally a matter of concern (Bor et al., 2014; Guillen and Artés, 2015; Hahn et al., 2016) . However, this issue has frequently been addressed within its aspect of the determination of the transmission between farmer-retailer-consumer prices (Ben- Kaabia, et al., 2005; Abbassi et al., 2012; Rezitis, 2012) instead of examining the right price transmission from the feed to the livestock market (Brümmer et al., 2009; De and Zhou, 2015) .
Yet, feed costs constitute more than 60% of the total cost of livestock production (Lawrence et al., 2008) . This cost is an important factor affecting both the demand for feed crops and livestock production. However, recent increases in the prices of feed crops have had negative effects on both producers and consumers. The increase in the prices of feed crops has been due to the combination of shocks related to supply and demand of these crops (Suh and Moss, 2017) . Developed countries support energy policies that focus on environmentally friendly, renewable and cheap energy sources. This situation has increased the production of alternative energy sources and bio-fuels. This trend in energy policies has led farmers to reallocate their cultivable lands for the production of cereals and oilseeds used in bio-fuel production. However, the shortage of lands has caused restrictions in planting of feed crops. Bio-fuel programs and energy prices have narrowed the supply of the feed grains, as the feed grain demand has increased in the developing countries (Abbott et al., 2009) . Thus, the increase in feed crop prices has become related to the instability in energy prices (Saghaian, 2010) . Bio-energy policies have affected the livestock supply chain with its impact on the feed market (Bartoli et al., 2016) . This problem shows that livestock, energy and feed market relations will become more complex and important in an ongoing basis.
The studies on broilers, which is a major livestock product in feed costs, until today, have determined that they have a significant impact on consumer prices (Babula et al., 1991; Rezitis and Stavropoulos, 2010; Erdem et al., 2011; Khiyavi et al., 2012) . However, the connections of energy, feed and broiler markets are still unknown. Therefore, determining the level and the speed of the transmission between international energy and the soybean market and the Turkish broiler market will deepen the extent of the literature on this issue.
Perspective of the poultry sector in Turkey
Turkey is one of the top ten chicken producers in the world and also biggest producer among Mediterranean Countries (FAO, 2017) . In Turkey, chicken meat consumption is in the first place accounting for 62% of the meat consumption. It is the most preferred among other kinds of meat. The total chicken meat production of 696.187 tons in 2002 rose to 1.909.276 tons in 2015 1.909.276 tons in (TSI, 2016 Turkey's poultry sector has become one of the fastest-developing and the most powerful sector, coupled with the influence of subsidies. In spite of the positive developments in the sector, substantial matters still remain. The basic problems can be classified as stiff costs, external dependence on inputs and a decreased level of consumption with regard to developed countries (EU-28; 22.70 kg/ per capita). The stiff cost is particularly one of the most critical problems hampering the growth of the sector. The researches executed in Turkey reveals that the feed expenditures comprise 70% of the sector's costs (Sarıca et al., 2016) . The most essential raw material used in poultry feed in Turkey, which is still procured majorly through import, is soybean. The amount of soybean cultivated in Turkey is not sufficient to meet the demand of the poultry sector. Hence, soybean is a fundamental raw material needed by the poultry sector in Turkey. The shortage of agricultural land in Turkey limits the possibility of having sufficient soybean, utilized in animal feeding, by home-grown production sources. In 2013, soybean valued at US$ 642.979 million was imported into Turkey (Table  1) . Turkey is a net importer of this product. So, one of the basic raw materials used for feed making in the sector is obtained majorly by importation. Additionally, energy is the second substantial input utilized to fulfill the heating need in the poultry sector. In 2014, natural gas took the first place with its proportion being 32.5% within the primary energy demand of Turkey, as this product was followed by coal and oil at 29.2% and 28.5% respec- tively. While Turkey's external dependency on oil reaches 75%, 23% of energy needs are used in the industrial sector (The Ministry of Energy, 2016). The procurement of fundamental inputs required by the sector, which are energy used for heating and soybean, may to a large extent help to further the sector's external dependency. As a result, the developments at these markets may make Turkey's poultry sector quite sensitive. It is likely that the poultry industry would be more price responsive as Turkey becomes more vulnerable to risks in the international markets. The abrupt fluctuation of input prices may result in problems with respect to inability to meet the following; the requirements of labor force and industries attached to this sector as well as the animal protein need in Turkey. Therefore, developments in this sector are important for the Turkish agricultural market.
Data and methods

Data
The data utilized in this research comprises of (on a monthly basis) world soybean prices, world energy price index, and domestic consumer chicken prices in Turkey, covering the period between January 2003 and September 2016. This period was selected on the basis of data availability. The US dollar is at an influential position over international agricultural commodity prices (McCalla, 2009) . Therefore, the US dollar was used as the medium of exchange in this research. In the study, the substantial imported inputs generating basic costs in the poultry sector were taken into consideration. The most significant imported input in Turkey's poultry sector is soybean. Heating, illumination, and transportation costs are other important input costs for production. The international price of soybean and world energy prices were obtained from the official website of IMF. The price of soybeans used in this study was for the number 2 yellow and par type subjected to future contract relating to Chicago's Soybean. On the other hand, the energy price index (2005=100) is a general index acquired from Crude oil (petroleum), Natural Gas, and Coal Price Indices. Hence, this variable is a reflection of not only heating, but also of transmission and of other fuel costs. The chicken prices in Turkey were taken from the website of the Turkish Statistical Institute. The variables and definitions used in the research are given in Table 2 .
In Figure 1 , the data set utilized for the model is presented. With respect to it, the existence of high rate volatility in chicken prices since 2003 can be stated. Also chicken, soybean, and energy prices tend to decrease after 2013. The prices of these three variables have risen specifically in times of international financial crisis.
Methods
The researchers within price spillover have applied miscellaneous methods, such as Vector Error Correction Model (De and Koemle, 2015) , Autoregressive Distributed Lag (Traoré and Badolo, 2016) , threshold autoregressive (Balcombe et al., 2007) , Generalized Autoregressive Conditional Heteroskedasticity (Fakari et al., 2016) , cointegration with structural breaks (Lee and Chang, 2005) and causality tests (Nazlioglu and Soytas, 2011) .
As stated earlier, the aim of this study is to identify the spillover effect on prices of imported inputs (energy and soybean), which are widely used to determine broiler prices in Turkey's broiler sector. Given that the system requires real time management, which implies interchangeability among sources, then the presence of endogeneity among variables is anticipated. The use of the Vector Error Correction Model (VECM) proved to be adequate, considering both the presence of endogeneity among variables and the presence of cointegration relationships (Marques et al., 2014) . Also and foremost, the characteristics of the data are one of the main determining factors in selecting the appropriate econometric techniques. Therefore, in this study, the VEC model was applied to examine the dynamics of imported input usage over the Turkish poultry sector. The VEC model, which is used in this study, derived from the Vector Auto Regressive Model (VAR) can be defined with the equations below (Johansen, 1988 (Johansen, , 1991 Johansen and Juselius, 1990) .
Where C t =(CMP t , Soybean t , Energy t ), β 0 is a 3×1 vector of constants, β 1 are 3×3 coefficient matrices, and ε t are white noise residuals. Following the equation (1), the VECM equation can be written thus:
ΔCMP t = c + G t-1 + β 1 ΔCMP t-1 + β 2 ΔSoybean t-1 + β 3 ΔEnergy t-1 + ε t (2) Where G t = R t (CMP t + ρSoybean t + δEnergy t + µ t ) shows a long-term equilibrium relationship between the three variables; c, α, β, ρ and δ are parameters to be estimated.
Differing from Granger causality tests in the VAR specification, the Granger causality test in an VECM can be divided into short-and long-run tests. The test for the coefficient restriction on the lagged first differenced terms is called short-run test, since the coefficients Bj's of lagged variables ΔR t = j captures the short-run dynamics. In this case, the Wald x 2 (n) test is used to detect the Granger causal relation (Toda and Phillips, 1993) . However, the test for the coefficient restriction on the error correction (EC) term is called long run test, since the EC term captures the long-run equilibrium between variables (Toda and Phillips, 1994; Enders, 1995) .
In this study, the relationship between the variables was investigated both as long and short term with the method described above. Engle and Granger (1987) states that, by adding the term of error correction into the regression, immediate effects can be created between the variables. This immediate effect reflects the short term relationship. On the other hand, in the long-term, variables are sorted out from the effects of their previous values, and the system is identified with a defined by a process of balance. In science of economics, short term shows the sudden market shocks, where the firm balance production opportunities do not change; and the long term shows a period, in which both input and output prices are completely flexible in terms of production. Thus, long and short term structure, in accordance with the economic literature in terms of econometrics, will be obtained. Short and long term relationships may vary depending on the elasticity of the variables and the structure of the market.
First of all, the stationarity level of data was identified in the study. To this end, the test statistics results obtained from the studies of Dickey and Fuller (1979) and Phillips and Peron (1988) were utilized. In these tests, the null hypothesis variables contain one unit root and are not stationary. In Table 3 , it is seen that the variables are not Figure 1 -The monthly consumer chicken prices, the soybean prices and the energy prices index (2004-2016). stationary at the level value, as all variables whose first difference were taken becomes stationary. The first difference values of all variables I(1) are stationary with regard to two different test results. It is found that there can be a co-integrated relationship among all variables since all of them have the same stationarity level.
Results
The first step in the estimation of equation identified at Model equation 1 is the determination of the lag lengths. The interest criteria results of AIC are as follow: Akaike information criterion (AIC), Schwarz information criterion (SC) and Hannan-Quinn (HQ) were primarily taken into account for the determination of lag length. Yet, secondly, various diagnostic tests were conducted to check the stability of VAR model for these lags. The lag length of the model was identified as three (3) relying on the tests (Table 4) .
The presence of autocorrelation and heteroscedastic problems in the equation should be determined to fulfill the regression assumptions in the VAR model in which the lag length is 3. If explanatory variables were selected from a limited part of the universe or there is any structural problem, the heteroscedastic problem can arise. The existence of a heteroscedastic problem in this research was checked, benefiting from the white test. The null hypothesis cannot be rejected as a consequence of this test (Chi-sq 170.5955; p 0.0644). Accordingly, there is no heteroscedastic problem at a significance level of 0.05.
The inverse roots of AR characteristic polynomial were examined inside the unit circle in Figure  2 . So, none of the modulus values are out of the reference interval. Non-appearance of any AR root outside the unit circle substantiates the probability of the VAR model's stationarity.
The summary of Johansen's co-integration test was presented in Table 5 . Regarding the test find- The standard errors in the model equation were presented parenthetically. The signals in the normalized long term co-integration relationship are coherent as expected and the coefficients are significant at a significance level of 0.05 (t energy -statistic = 2.78485; t soybean -statistic = 3.027720). Furthermore, there is a long term positive correlation between chicken meat prices in Turkey as well as soybean and energy prices, which are imported inputs. The model's logarithmic form enables one to interpret the estimated coefficients as the longterm elasticity. It can be asserted that the imported soya bean has greater impact on chicken meat prices. Hence, while the acquired coefficient for energy prices is 0.26, this ratio is 0.38 for soybean prices. These coefficients show that chicken meat prices increases by 2.60% in the face of the increase by 10% in energy prices. On the other hand, the soybean price increase by 10% leading to a rise in chicken meat prices by 3.84%. The impact of energy costs over the sector is slightly higher in equilibrium relationship than the expected one. Table 6 displays the estimation results of the VEC model. These results show short-term effects. The statistical significance of error correction term coefficients is required for the existence of co-integration. The error correction term is statistically significant at a high degree for CMP. The absolute value of error correction statement which shows the necessary measures needed to adjust the disequilibrium arose within one month on the model. The error correction terms signal the stability of the system and the latter's reach to equilibrium, following certain malfunctions. Specifically, the adjustment amount of disequilibrium within one month is about 13.95%. Based on that value, all of the system's instability can be adjusted approximately in 7 months. The result obtained is statistically significant at a significance level of 0.05 (t ECT = -2.487725; p = 0.0139).
The Wald test has been applied to each independent variable forming the lagged equation in Table 6 and the direction and significance of short-term relationships has been determined (Table 7). The possibility to interpret the short term causality applying the Wald test on the each parameter of the delay equation in the established models was determined. In accordance with it, any causality from international soybean and energy prices to chicken prices in Turkey could not been identified. It shows that the imported inputs have not short term effects on Turkey chicken meat consumer prices. Furthermore, any short term causality from chicken meat and soybean prices to energy prices could not been found. It is an expected result. The determinants of energy prices are mostly a reflection of macroeconomic problems. Likewise, any short term causality from Turkey chicken meat prices to world soybean prices could not been identified. It is an expected finding. The determinants of international soybean prices can be explained to large extent by the problems appeared at major importers and producers. The results demonstrate the causality from energy prices to international soybean prices. One of the substantial inputs used for every kind of agricultural product is the energy. Thus, energy price fluctuations may have effects on international soybean prices.
On the other hand, energy has affected the prices of soybean and chicken meat in the long term, however, no effect has been detected for the short term. Supply elasticity of agricultural products has generally been low in short term. Especially the chicken meat quickly becomes deteriorated and is a product that cannot be preserved. It must be sold including the whole stock within a certain period from the time it is produced. In this period, the price should be determined in a way that fits the demand. Therefore, in the short run, the role of producers and costs is often limited when determining the prices. In addition, competition in the Turkish broiler sector, and accordingly, the effort to prevent losing the market, hinders the short- term reflection of the costs to the prices. Firms may compensate these costs from their profits for a certain period of time. Thus, not being able to determine the short-term relationships in the poultry sector is a possible outcome, despite the significant relationship that is found with the input prices in the long-term.
Discussion and Conclusion
In general, analyses suggest that chicken meat prices are in equilibrium relationship with energy and soybean prices, which are the imported inputs. However, findings have shown that price increases in energy costs affect broiler prices in the long term. The effect is somewhat higher than the energy product interaction found in some previous studies. For instance, Sarıca et al. (2016) have revealed that electricity, transportation and other expenses constitute a small part of the broiler production costs. This finding contradicts with this study. There are two reasons for this. The first is the participation of the energy market as an input in the poultry sector, and the second is the relationship with the agricultural markets and the feed market as a result of the bio energy policies. Another important finding of the study is the determination of the continuous and unidirectional relationships of causality that range from energy prices to soybean prices. This finding supports previous studies (Nazlioglu, 2011; Reboredo, 2012) . The feedback from energy to agricultural markets leads to a closer link from oil prices to soybeans prices due to the fact that soybeans are the main crops used in the production of ethanol and biofuels.
Nevertheless, it turns out that energy and soybean prices do not affect chicken prices in the short term. This can be attributed to the fact that the production of agricultural products that are used as animal feeds is carried out in a long production period. This finding coincides with the studies done for China pork market (De and Koemle, 2015) . Additionally, the system instability over chicken meat and input costs can be adjusted in approximately 7 months. This state is a consequence of the huge competitive environment, the short production term related to the product, and the shortness of supply chain in Turkey's poultry industry.
In recent times, an increasing trend in the demand for chicken meat has led to swift changes in the Turkish poultry sector. Turkey has gained more grounds in terms of factors such as the growing of modern plants, engaging the production methods relevant to international standards, and the proximity to international markets. Yet, the modernization in production and the sector's development have intensified its dependency on imported input.
In this context, with this study, it has been determined that importing inputs such as soybean and energy, which are used in broiler sector, reduces the power of competition of the sector. In fact, in local studies, the problems of the poultry sector are generally linked to the feed costs (Keskin and Demirbaş, 2012) . However, the most important result obtained from this study is that the energy prices affect both soybean and chicken prices more. The results show that the increase in energy prices observed in recent years might have been transferred to the poultry and feed sector. This information shows that the Turkish poultry industry is not capable of protecting itself against world energy shocks.
The increase in attractiveness of bio-fuel production due to environment friendly energy policies will further strengthen the link between energy and feed markets. Therefore, the ongoing support policies for bio-fuel production may further affect poultry and livestock prices in the future terms. In this respect, designing robust livestock and energy policies requires the definition of the mechanism of transmission between energy and feed prices. Therefore, the local measures that aim suppressing the uncertainty of price in soy markets in Turkey may not be effective in the short term. The results show that it is necessary to design integrated strategic plans for both energy and feed sector. For any policy aimed at price stability on livestock, this reality should be taken into account. For this reason, policy makers should target energy prices while supporting the feed prices.
In addition, the results of this study clearly show that not only policy makers, but also producers and merchants should attach importance to global feed and energy prices. Because, the agricultural input producers will focus on the profitability of the product, when they decide on producing for fuel or for people (Zhang et al., 2010) . This will increase the price volatility between products together with the connection between substitution and competing agricultural products in the future, due to the constraints regarding the lands.
Further researches might be extremely valuable for the determinants of price volatility and its impact on information transfer between markets in future researches. The increase in agricultural prices may depend on the level of the relationship between energy and feed prices. In this context, the literature should be able to expand the effects of energy and financial markets on agricultural markets without defining them separately.
